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Background: Whether red blood cell distribution width (RDW) is associated with the prognosis of acute 
ischemic stroke is inconclusive according to recent studies. We performed a cohort study and meta-analysis 
to explore the association between RDW and functional outcome. 
Methods: Patients with ischemic stroke admitted to the Department of Neurology within 24 hours of 
stroke onset between January 1, 2015 to December 31, 2018 were enrolled. Blood was sampled within  
24 hours after admission. We searched PubMed, Embase, Web of Science databases up to Nov 2019 to 
identify studies investigating the association between RDW values and prognosis following stroke. Outcomes 
included 3-month death and poor functional outcome [defined by modified Rankin Scale (mRS) score ≥3].
Results: We included 1,558 patients in cohort study. RDW was independently associated with 3-month 
death [odds ratio (OR), 1.19; 95% confidence interval (CI), 1.03, 1.37], but not associated with 3-month poor 
outcome (OR 1.05, 95% CI, 0.95, 1.16), after adjustment for confounders. A dose-dependent relationship 
between RDW levels and 3-month death was revealed in the restricted cubic spline plot. Seven observational 
studies with 4,407 patients were identified for systematic review. When combining our study and previous 
studies, the association was significant for RDW predicting death (5 studies with 3,366 patients, OR 1.25, 
95% CI, 1.15, 1.35), as well as for poor outcome (4 studies with 3,483 patients, OR 1.23, 95% CI, 1.05, 1.44).
Conclusions: RDW was an independent predictor of 3-month functional outcome, and a trend of dose-
dependent relationship between RDW and 3-month death was detected.
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Introduction

Stroke is the leading cause of death and disability in the 
world. In China, the case fatality from hospital-based studies 
is less than 5% at 30 days, 10% at 90 days, and 15% at  
1 year; about one third of patients will experience death or 
disability at 3 months and 1 year (1). According to American 
Heart Association, the mortality rate after stroke ranges 
from 10.5% at 30 days, 21.2% at 1 year, 39.8% at 5 years, 

up to 58.4% at the end of life (2,3). Despite prognostic 
factors including age and the severity of stroke have been 
widespread acknowledged (4), the prognosis following 
stroke remains challenging to predict because of the 
complicated pathophysiological mechanisms behind stroke. 
Given the large stroke burden, new markers are needed to 
identify patients with poor outcome in order to accurately 
predict prognosis and optimize the administration of 
management.
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Recently, inflammation biomarkers in response to the 
brain tissue necrosis has sparked interest. Red blood cell 
distribution width (RDW) indicates the size variation in 
circulating erythrocyte, which is one of the biomarkers 
potentially involved in inflammation process, oxidative 
stress, and endothelial dysfunction in vascular diseases (5).  
The increased variation in the size of red blood cells 
(RBCs) is called anisocytosis. For many years, RDW has 
been applied to differentiate diagnosis of anemia in clinical 
setting. Recently, RDW has emerged as a biomarker in 
vascular diseases (5). 

A descriptive review has suggested higher RDW 
independently predicts adverse outcome in patients 
with stroke (6). However, no uniform conclusions have 
been drawn about the role of RDW in the prognosis of 
ischemic stroke (7). One study has noted RDW higher 
than 14% is associate with an increased 1-year mortality of 
acute ischemic stroke (8). On the contrary, another study 
with 1,504 patients found RDW was not independently 
associated with functional outcome [modified Rankin 
Scale (mRS) score ≥3] in multivariable analysis (9). An 
important limitation of these two previous studies was that 
neither of them reported numerical results of multivariate 
analysis, and thus the insufficient adjustment for potential 
confounders might weaken their power to determine the 
association between RDW and poor functional outcome.

Several potential mechanisms hint the relationship 
between RDW and prognosis after stroke. Firstly, an 
underlying inflammation and oxidative stress state might 
link increased RDW and poor clinical outcome (10).  
Secondly, increased RDW was inversely associated 
with oxygen saturation of blood. Previous evidence has 
suggested lower oxygen saturation (11) and reduced RBC 
deformability (12) in patients with higher RDW levels. 
The higher the RDW value, the lower the oxygen supply 
in tissues (13), which implies increased RDW levels may 
directly contribute to the development and worsening 
of stroke by reducing oxygenation in brain. Thirdly, 
previous studies have found that shorter telomere lengths 
and older age were significantly associated with increased 
RDW levels (14); a meta-analysis revealed that RDW is 
a powerful predictor of mortality in community-dwelling 
adults (15). Based on above-mentioned pieces of evidence, 
we aimed to investigate the association between RDW 
and functional outcome in acute ischemic stroke patients 
using data from our registry and from previously published 
literatures. 

Methods

Cohort study

The retrospective cohort study was based on Chengdu 
Stroke Registry, which consecutively recruited stroke 
patients from 2002 in the Department of Neurology of 
West China Hospital, a 4,300-bed teaching hospital with 
about 5,000 patients discharged from the department 
annually. The project has been approved by the Scientific 
Research Department and conformed to Declaration of 
Helsinki. The detailed description of the registry has been 
reported elsewhere (16). We included patients diagnosed 
with acute ischemic stroke who were admitted from January 
1, 2015 to December 31, 2018. The diagnosis of acute 
ischemic stroke was made in accord with the World Health 
Organization (WHO) definition as rapidly developing 
focal or global neurologic impairment, with symptoms 
lasting at least 24 hours or leading to death, and with no 
other apparent origin expect for cerebral vessels (17). The 
inclusion criteria were older than 18 years old and arrival at 
hospital within 24 hours from symptom onset. We excluded 
patients with transient ischemic attack or hemorrhagic 
stroke, patients with insufficient data in laboratory test, and 
patients without follow up information.

RDW measurement
Blood samples were collected from a peripheral vein using 
ethylene diamine tetraacetic acid (EDTA) tube within 
24 hours after admission and analyzed using the Sysmex 
automated hematology analyzer (Sysmex, Kobe, Japan). 
Two parameters of RDW were calculated to measure the 
extent of anisocytosis: the standard deviation (SD) and the 
coefficient variation (CV). RDW-CV is widely investigated 
and is calculated according to the following formula: RDW-
CV = (SD of erythrocyte volume/mean corpuscular volume) 
×100. The reference range of RDW-CV is 11.5–14.5% (18). 
In this study, we reported RDW-CV and used RDW to 
represent it.

Data collection 
We recorded patients’  information by structured 
forms including: demographic statistic data, admission 
National Institute of Health Stroke Scale (NIHSS) score, 
cerebrovascular risk factors, Trial of ORG 10172 in Acute 
Stroke Treatment (TOAST) classification, in-hospital 
treatment, in-hospital complications, and clinical outcome. 
We defined NIHSS score higher than 15 as severe stroke, 
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and below 15 as mild stroke. Anemia was diagnosed when 
the level of hemoglobin was less than 120 g/L in men and 
110 g/L in women by Chinese criteria (19). Infection was 
diagnosed by the treating physician, based on medical 
records including symptoms and signs, laboratory tests, 
antibiotic treatment, as well as chest computed tomography 
scans. All patients were treated according to treatment 
guideline and patients eligible for reperfusion therapy were 
treated with intravenous thrombolysis or endovascular 
therapy.

Outcome assessment
Our primary outcome was death within 3 months following 
admission. Our secondary outcome was 3-month poor 
outcome, defined by mRS score from 3 to 6. Patients were 
followed up at 3-month by telephone interview.

Statistical analysis
We categorized patients to three groups according to RDW 
levels. If variables were normal distribution, they were 
reported as mean and SD, otherwise, they were presented 
as median and interquartile range (IQR). Difference of 
continuous variables was compared by one-way ANOVA 
and Kruskal-Wallis H test. Categorical variables were 
expressed as counts and percentages and compared with 
the χ2 test or Fisher exact tests. We calculated spearman 
correlation coefficients between RDW values and age, 
NIHSS score, hemoglobin, platelet counts, white blood 
cells (WBC), international normalized ratio (INR), glucose, 
creatinine, and onset to admission time to determine 
correlations between RDW and these variables. 

For the multivariable logistic regression analyses, we 
included variables with P value <0.05 in univariate analysis. 
In model 1, we adjusted for age and sex; in model 2, we 
further adjusted for other confounders. Odds ratios (ORs) 
and 95% confidence intervals (CIs) were reported both 
in univariable and multivariable analyses. We performed 
tests for linear trend (P for trend) by entering the median 
RDW value in each group as a continuous variable in the 
models. We also evaluated the pattern and magnitude of 
the association between the RDW and outcome using a 
multivariable logistic regression model with restricted 
cubic splines at 4 knots: the 25th, 50th, 75th, and 95th 
percentiles. To determine discriminative ability of RDW, we 
generated a receiver operating characteristic (ROC) curve 
and calculated the sensitivity and specificity of RDW values 
to predict 3-month outcome. 

We performed subgroup analyses stratified by variables 

including age (≤65 and >65), stroke severity (mild stroke 
and severe stroke), accompanying with anemia or atrial 
fibrillation, treated with reperfusion therapy, developing 
post-stroke infection or not. The difference between 
subgroup were inspected by interaction analysis using the 
likelihood ratio tests. We performed statistical analyses by 
SPSS version 21.0 (IBM Corporation, Armonk, NY, USA) 
and Stata Version 15.0 (College Station, TX, USA). A two 
side P<0.05 was statistically significant.

Systematic review

We conducted literature search to identify studies reporting 
the association between RDW values and prognosis after 
acute ischemic stroke using terms combining RDW and 
acute ischemic stroke with their synonyms. The search 
was performed in PubMed, Embase, and Web of Science 
databases up to Nov 2019. Studies were eligible if they 
(I) recruited patients with acute ischemic stroke; (II) 
investigated the association between RDW levels and 
functional outcome (evaluated by mRS score). We extracted 
data of sample size, mean age, sex, onset to admission time, 
mean RDW value, and patient number of poor outcome 
from each included study. A meta-analysis pooling our 
cohort data and previous published data were performed. 
Fixed effects model was used if heterogeneity was low 
(I2<50%). Otherwise, random effects model was applied. 
We drew the funnel plot to observe the symmetry of plot 
and performed Egger test to identify publication bias. We 
reported registry study according to the Strengthening 
the Reporting of Observational Studies in Epidemiology 
guidelines (20) and described systematic review on the 
basis of the Meta-analysis Of Observational Studies in 
Epidemiology guidelines (21).

Results

Cohort study

Of 1,700 patients eligible from Chengdu Stroke Registry, 142 
patients were excluded because of unavailable laboratory tests 
or missing follow-up information (Figure S1). In total, 1,558 
patients were included (838 men and 720 women; mean age 
66.20±13.94 years, median/IQR of NIHSS score was 6/2–
12). The median/IQR time of RDW analysis since stroke 
onset was 10/4–24 hours. The mean RDW value was 13.8% 
(median/IQR: 13.60%/13.0–14.3%) and the low, medium, 
and high tertiles distribution were T1<13.0%, T2=13.0–
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13.9%, T3≥14.0%, respectively. At 3 months follow-up, 611 
(39.44%) patients developed poor functional outcome and 
130 (8.34%) deaths were reported. The incidence of death 
increased in parallel with the increment of RDW levels 
from 4.34% in T1, 8.19% in T2, to 10.97% in T3 (P=0.002). 
Additionally, the higher the RDW level, the larger the 
mRS score, and the patients with RDW levels ≥14.0% had 
higher proportion of poor functional outcome (Figure S2, 
P=0.001).

Patients with higher RDW were older, had lower level 
of hemoglobin, and higher level of INR and creatinine. 
Patients in higher RDW groups had higher prevalence 
of atrial fibrillation, rheumatoid heart disease, coronary 
heart disease, and cardio-embolism stroke (P<0.05,  
Table 1). RDW positively correlated with age (r=0.174, 
P<0.001), NIHSS score (r=0.108, P<0.001), INR (r=0.182, 
P<0.001), creatinine (r=0.131, P<0.001), and inversely 
correlated with hemoglobin (r=−0.267, P<0.001), glucose 
(r=−0.080, P=0.0018), platelet counts (r=−0.106, P<0.001). 
No correlation was observed between RDW and WBC 
(r=0.012, P=0.629), as well as onset to admission time 
(r=0.0001, P=0.998). 

The comparison of baseline characteristics between 
survivors and non-survivors is presented in Table S1. The 
median RDW was significantly higher in non-survivors, 
compared with survivors (14.27% versus 13.78%, P<0.001). 
Significant differences in age, NIHSS score, atrial 
fibrillation, TOAST classification, hemoglobin, WBC, 
glucose, creatinine, anticoagulants, and in-hospital infection 
were observed between patients who survived and those 
who died at 3-month. These potential confounding factors 
were adjusted in multivariable analysis to identify the 
independent association between RDW and outcome. 

When RDW was regarded as a continuous variable, 
univariable and multivariable analysis showed that increased 
RDW was associated with an enhanced rate of 3-month 
death. RDW per 1% increment increased the risk of 
3-month death by 23% after adjusting for age and sex 
(model 1), and by 19% after further adjusting for NIHSS 
score, atrial fibrillation, rheumatoid heart disease, coronary 
heart disease, current drinking, TOAST classification, 
creatinine, WBC, glucose, reperfusion therapy, antiplatelets, 
anticoagulants, in-hospital infection, and anemia (OR 1.19, 
95% CI, 1.03, 1.37, P=0.018, Table 2). The adjusted OR 
(95% CI; P value) for the medium and the highest tertile 
versus the lowest tertile was 2.35 (1.15–4.82; 0.020), 2.52 
(1.23–5.16; 0.011), respectively (P for trend=0.042). Figure 1  
demonstrates a trend of dose-dependent relationship 

between RDW levels and 3-month death, where 14% 
was the reference value for RDW. The magnitude of the 
association (adjusted OR for 3-month death) increased 
along with the increment of RDW levels.

Based on the ROC curve, RDW values for predicting 
3-month death yielded an area under the curve (AUC) 
of 0.620 (95% CI, 0.572–0.668; Figure S3). The optimal 
RDW cutoff for predicting 3-month death was 13.3%, with 
sensitivity of 80% and specificity of 38%. No significant 
interaction between RDW and covariates was revealed (all 
P for interaction>0.05, Figure 2). 

When RDW was tested as a continuous variable, the 
crude OR for 3-month poor outcome was 1.17, 95% CI 
(1.08–1.27), P<0.001. However, after fully adjusting for 
potential confounding factors in model 2, no significant 
association between RDW and 3-month poor outcome was 
discovered: for RDW as a continuous variable, adjusted OR 
1.05, 95% CI (0.95, 1.16) and for RDW ≥14.0%, adjusted 
OR 0.89, 95% CI (0.63, 1.24) (Table 2). Figure 1 shows the 
fluctuant change of OR along with the increment of RDW 
levels: RDW <14% and RDW >16% were associated with 
an increased OR for 3-month poor outcome, while RDW 
level from 14% to 16% was associated with a reduced OR.

Systematic review

We retrieved 201 studies and excluded 194 records due 
to following reasons: 93 irrelevant studies, 60 duplicate 
records, 18 abstracts, 12 studies reported the association 
between RDW and the risk of stroke, 4 reviews, 7 studies 
included patients with transient ischemic attack or 
hemorrhagic stroke (Figure S4). Finally, 7 cohort studies 
involving 4,407 patients were included (6-9,13,22,23). Table 3  
shows the basic characteristics of included studies. The 
sample-size weighted mortality was 10.3%, and sample-size 
weighted rate of poor outcome was 43.3%; the sample-size 
weighted mean RDW value was 13.74%.

One study did not provide numerical results of OR 
and 95% CI, which reported no significant association 
between RDW and functional outcome after adjusting 
cofounding factors (9). Six studies indicated that RDW 
was independently associated with poor outcome or death 
after stroke (6-8,13,22,23). Figure 3 summarized the 
meta-analysis results pooled by random effects model. 
Five studies incorporating 3,366 patients reported the 
association between RDW and death: pooled OR 1.25, 95% 
CI (1.15, 1.35) with low heterogeneity (I2=37.1%); and for 
predicting poor outcome, pooled OR of 4 studies involving 
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Table 1 Baseline characteristics of included patients grouped by tertile of red cell distribution width

Characteristics
RDW tertile (%)

P value
11.1–12.9 (T1=346)* 13.0–13.9 (T2=647) 14.0–24.5 (T3=565)

Age, years, mean (SD) 63.65 (14.10) 65.48 (13.90) 68.58 (13.54) <0.001

Male, n (%) 204 (58.96) 361 (55.80) 273 (48.32) 0.003

SBP, mmHg, mean (SD) 146.06 (23.23) 145.83 (23.92) 147.24 (24.51) 0.573

DBP, mmHg, mean (SD) 84.96 (14.72) 84.63 (15.73) 85.55 (15.97) 0.589

NIHSS score, median [Q1–Q3] 5 [2–11] 5 [2–11] 6 [3–14] 0.002

Risk factors, n (%)

Hypertension 205 (59.25) 364 (56.26) 328 (58.05) 0.635

Diabetes 87 (25.14) 135 (20.87) 108 (19.12) 0.094

Hyperlipidemia 22 (6.36) 63 (9.74) 37 (6.55) 0.061

Atrial fibrillation 40 (11.56) 92 (14.22) 133 (23.54) <0.001

Rheumatoid heart disease 14 (4.05) 34 (5.26) 47 (8.32) 0.016

Coronary heart disease 15 (4.34) 25 (3.86) 46 (8.14) 0.003

Previous stroke 47 (13.58) 93 (14.37) 80 (14.16) 0.943

Current smoke 94 (27.17) 176 (27.20) 104 (18.41) <0.001

Current drinking 93 (26.88) 199 (30.76) 153 (27.08) 0.270

TOAST classification, n (%) 0.008

Large-artery atherosclerosis 123 (35.55) 194 (29.98) 172 (30.44)

Small-artery occlusion 65 (18.79) 131 (20.25) 80 (14.16)

Cardio-embolism 69 (19.94) 168 (25.97) 178 (31.50)

Undetermined etiology 7 (2.02) 13 (2.01) 13 (2.30)

Other etiology 82 (23.70) 141 (21.79) 122 (21.59)

Laboratory tests

RDW, %, mean (SD) 12.54 (0.34) 13.45 (0.28) 15.03 (1.30) <0.001

Hemoglobin, g/L, mean (SD) 139.34 (15.49) 137.25 (17.16) 128.96 (20.77) <0.001

Platelet counts, 109/L, mean (SD) 181.51 (64.30) 169.22 (60.02) 168.95 (70.91) 0.008

White blood cells, 109/L, mean (SD) 8.06 (2.88) 8.08 (3.08) 8.18 (3.04) 0.786

INR, mean (SD) 1.02 (0.15) 1.04 (0.18) 1.08 (0.26) <0.001

Glucose, mmol/L, mean (SD) 7.95 (3.70) 7.35 (2.96) 7.09 (2.76) <0.001

Creatinine, umol/L, median [Q1–Q3] 73 [62–84] 75 [63–90] 79 [65–96] <0.001

In-hospital condition

Reperfusion therapy, n (%) 47 (13.58) 91 (14.06) 93 (16.46) 0.384

Antiplatelets, n (%) 322 (93.06) 599 (92.58) 504 (89.20) 0.053

Anticoagulants, n (%) 28 (8.09) 62 (9.58) 75 (13.27) 0.026

In-hospital infection, n (%) 87 (25.14) 213 (32.92) 232 (41.06) <0.001

Length of stay, d, median [Q1–Q3] 10 [7–14] 10 [7–14] 10 [7–15] 0.067

3 m-poor outcome, n (%) 124 (35.84) 248 (38.33) 239 (42.3) 0.123

3 m-death, n (%) 15 (4.34) 53 (8.19) 62 (10.97) 0.002

Anemia, n (%) 20 (5.78) 45 (6.96) 99 (17.52) <0.001

*, the range of RDW and the number of patients in each tertile. RDW, red cell distribution width; T, tertile; SBP, systaltic blood pressure; 
DBP, diastolic blood pressure; NIHSS, National Institute of Health Stroke Scale; INR, International Normalized Ratio; TOAST, Trial of ORG 
10172 in Acute Stroke Treatment (TOAST) classification; m, month.
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Table 2 Logistic regression analysis for 3-month death and 3-month poor outcome

Univariate analysis,  
OR (95% CI), P value

Multivariate analysis, OR (95% CI), P value

Model 1 Model 2 

3-month death

RDW (per 1% increment) 1.26 (1.13, 1.41), <0.001 1.23 (1.10, 1.39), <0.001 1.19 (1.03, 1.37), 0.018

RDW tertile

T1 Reference Reference Reference

T2 1.97 (1.09, 3.55), 0.024 1.86 (1.03, 3.36), 0.040 2.35 (1.15, 4.82), 0.020

T3 2.72 (1.52, 4.86), <0.001 2.31 (1.29, 4.16),0.005 2.52 (1.23, 5.16), 0.011

P for trend <0.001 0.008 0.042

3-month poor outcome

RDW (per 1% increment) 1.17 (1.08, 1.27), <0.001 1.13 (1.04, 1.23), 0.003 1.05 (0.95, 1.16), 0.336

RDW tertile

T1 Reference Reference Reference

T2 1.12 (0.86, 1.47), 0.406 1.06 (0.81, 1.40), 0.667 1.05 (0.76, 1.45), 0.754

T3 1.32 (1.00, 1.74), 0.050 1.14 (0.86, 1.52), 0.355 0.89 (0.63, 1.24), 0.487

P for trend 0.041 0.343 0.351

Model 1: adjusted for age and sex. Model 2: adjusted for age, sex, NIHSS scores, atrial fibrillation, rheumatoid heart disease, coronary heart 
disease, current drinking, TOAST classification, creatinine, white blood cells, glucose, reperfusion therapy, antiplatelets, anticoagulants,  
in-hospital infection, anemia. RDW, red cell distribution width; T, tertile; NIHSS, National Institutes of Health Stroke Scale; OR, odds ratio; 
95%CI, 95% confidence interval; TOAST, Trial of ORG 10172 in Acute Stroke Treatment (TOAST) classification; m, month.

Figure 1 Adjusted dose-response association between red cell distribution width (RDW) values (%) and 3-month death (left) and 3-month 
poor outcome (right). Red cell distribution width (RDW) was coded using a restricted cubic spline function with four knots located at the 25th, 
50th, 75th, and 95th percentiles of the distribution of RDW. Reference value is 14% for RDW. Y-axis represents the adjusted odds ratios 
of outcomes when comparing individuals with any value of RDW with individuals with the reference value of RDW (14%). Dashed lines 
are 95% confidence intervals. Adjusted factors included age, sex, NIHSS score, atrial fibrillation, rheumatoid heart disease, coronary heart 
disease, current drinking, TOAST classification, creatinine, white blood cells, glucose, reperfusion therapy, antiplatelets, anticoagulants, in-
hospital infection, anemia.
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Figure 2 Stratified logistic regression analysis to identify variables that modify the correlation between red cell distribution width (RDW) 
values and 3-month death. Adjusted factors included age, sex, NIHSS score, atrial fibrillation, rheumatoid heart disease, coronary heart 
disease, current drinking, TOAST classification, creatinine, white blood cells, glucose, reperfusion therapy, antiplatelets, anticoagulants, in-
hospital infection, anemia. The model was not adjusted for the stratification variable in each stratified analysis. P value* indicates the P value 
for the corresponding odds ratio of each subgroup.

Table 3 Baseline characteristics of included patients in systematic review

Study Place
Sample 
size

Mean 
Age

Male 
(%)

Onset to  
admission time (h)

Mean RDW 
value

Number of poor outcome (%)

Ntaios [2011] Switzerland 1,504 72 56.1 24 14.1 NA

Kim [2012] Korea 830 66 59.9 168 13.1 3 m death: 43/830 (5.2%); 

3 m poor outcome: 186/830 (22.4%)

Duchnowski [2017] Poland 14 NA NA NA 14 1 m death: 4/14 (28.6%)

Tian [2018] China 258 78 48.8 72 13.1 discharge poor outcome: 186/258 (72.1%)

Pinho [2018] Portugal 602 74 42.7 4.5 14 1 y death: 117/591(19.8%); 

3 m poor outcome: 307/558 (55%)

Turcato [2017] Italy 837 77 NA 12 13.9 3 m death: 70/837 (8.4%);

3 m poor outcome: 397/837 (47.4%)

Feng [2017] China 362 63 59.7 48 13.3 NA

Present study China 1,558 66 53.8 24 13.8 3 m death: 130/1,558 (8.34%)

3 m poor outcome: 611/1,558 (39.44%)

RDW, red cell distribution width; m, month; y, year.
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Figure 3 Forest plot of odds ratios (OR) and 95% confidence intervals (CIs) for red cell distribution width (RDW) predicting death and 
poor outcome pooling our cohort data and previous published data. 

3,483 patients was 1.23, 95% CI (1.05, 1.44) with medium 
heterogeneity (I2=76.2%). The asymmetric funnel plot 
indicated the existence of publication bias (Figure S5). P 
value of Egger test was 0.031 for predicting death and 0.035 
for predicting poor outcome.

Discussion

To provide additional evidence on the potential association 
of baseline RDW with prognosis following acute ischemic 
stroke, we performed a cohort study and systematically 
reviewed current literature. We found RDW was an 
independent predictor of 3-month death, and a trend of 
dose-dependent relationship was detected. Meta-analysis 
of our study and previous studies suggested RDW was 
associated with both death and poor outcome after stroke. 
Inconsistent with meta-analysis, we did not observe 
significant association between RDW and poor outcome 
in our registry data. Although it was unclear why our study 
was not in line with most prior studies, considering the 

medium heterogeneity in the analysis, difference in patient 
characteristics such as age, stroke severity, and the time of 
blood collection may partly explain the inconsistence. 

Kara  ha s  r evea l ed  tha t  e l eva t ed  RDW cou ld 
independently predict stroke severity assessed by 
neurological scoring systems (24). A literature review 
has suggested higher RDW was associated with adverse 
outcome in patients with ischemic stroke and cerebral 
embolism (6). Their findings were in accord with ours and 
provided support for our present study. 

It is still unknow why RDW associated with outcome, 
but there are several plausible explanations about the 
underlying biological mechanisms. The correlation between 
RDW and inflammatory markers such as C-reactive protein 
has been reported (25). The inflammation and oxidative 
stress may disturb erythropoiesis, which may inhibit the 
maturation of RBCs, result in anisocytosis, and lead to 
higher RDW in patients. Besides, elevated RDW may 
reflect malnutrition and other disease, which may all related 
to the prognosis of stroke patients (26). Secondly, patients 
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with higher RDW levels may have decreased oxygen 
saturation of blood and poor physiologic reserve to protect 
against hypoxic stress (27), the ischemic cerebral tissue 
may become necrosis without adequate oxygen supply. 
Thirdly, patients with higher RDW may be more likely 
to have abnormal coagulate function and higher risk of 
thromboembolism (28), which may lead to a greater chance 
of recurrent stroke, and more severe brain damage, and 
finally result in poorer outcome.

Our finding confirmed the prognostic value of RDW 
in patients with acute ischemic stroke and extended 
our knowledge regarding the potential dose-dependent 
relationship between RDW and death. As far as we know, 
the present cohort study had the largest sample size among 
previously published studies, comprehensively collected 
information about potential confounders, sufficiently 
adjusted them in the multivariate models, and quantitatively 
pooled all the evidence up to now. However, it is poorly 
understood whether increased RDW is a cause of, or just 
a bystander to poor outcome following stroke. RDW 
is significantly associated with many diseases related to 
thrombotic and inflammatory conditions, including atrial 
fibrillation, venous thromboembolism, and myocardial 
infarction (29-31). Moreover, RDW may serve as a 
prognostic marker in many cardiac surgeries (32,33). 
Considering the predictive role of RDW in many other 
diseases, RDW is more likely a general marker rather than 
a stroke-specific predictor. Future studies may explore 
whether application of RDW could help doctors make 
decisions when assigning optimal therapeutic regimen and 
stratifying risk in secondary prevention in their clinical 
practice.

However, some limitations should be considered. Firstly, 
publication bias may exist. Generally, studies with positive 
results are more likely to be published and studies with 
negative results usually did not report OR and 95% CI. 
Therefore, we could not include the numerical results of 
these studies into the quantitative analysis and a definite 
conclusion could not be drawn. The funnel plot also 
suggested the existence of publication bias. More high-
quality studies are needed to investigate the value of RDW 
on prognosis after stroke. Secondly, the relationship between 
RDW and poor outcome needs further investigation. 
Although our results revealed significant association 
between RDW and death, the association between RDW 
and poor functional outcome was inconsistent. This was 
supported by the study of Pinho (8); they found although 
patients with higher RDW quartiles had higher rate of 

poor functional outcome, the difference was not significant 
after excluding patients died during the first 3 months. It 
seems that the prognostic value of RDW is stronger for 
death than any other outcome indicators, indicating that 
elevated RDW may mainly affect mortality. Indeed, there 
were much more evidence about the association of RDW 
and mortality than disability (34,35). Thirdly, the role of 
RDW in the reoccurrence of vascular disease is still unclear. 
Previous studies have demonstrated increased risk of stroke 
and coronary heart disease in patients with higher RDW 
values (36,37). Whether the association between RDW and 
mortality is due to higher risk of recurrent vascular diseases 
or not remains to be clarified. 

Conclusions

RDW was an independent predictor of 3-month functional 
outcome, and a trend of dose-dependent relationship 
between RDW and 3-month death was detected. 
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Supplementary

Figure S1 Flowchart for the selection process of eligible patients for cohort study.

Figure S2 The distribution of modified Rankin Scale score grouped by red cell distribution width (RDW) values. mRS, modified Rankin 
Scale; RDW, red cell distribution width.

Figure S3 The relative operating characteristic (ROC) curve of red cell distribution width (RDW) values for predicting 3-month death.

3705 stroke patients consecutively admitted to hospital 
from January 2015 to December 2018

1700 patients evaluated for eligibility

1558 patients included in the final analysis

2005 patients excluded due to:
- Admitted after 24 h of stroke onset (1950)
- Diagnosed with transient ischemic attack 
or hemorrhagic stroke (55)

142 patients excluded due to:
- No laboratory results available (8)
- Missing follow-up information (134)
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Figure S4 Flowchart of study selection process and the screening steps for systematic review.

Figure S5 Funnel plot for red cell distribution width (RDW) predicting death (left) and poor outcome (right).
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Table S1 Baseline characteristics of included patients grouped by outcome at 3-month

Characteristics Survivor (n=1,428) Non-survivors (n=130) P value

Age, years, mean (SD) 65.63 (13.91) 72.45 (12.69) <0.001

Male, n (%) 774 (54.20) 64 (49.23) 0.276

SBP, mmHg, mean (SD) 146.26 (23.81) 147.87 (25.75) 0.465

DBP, mmHg, mean (SD) 85.02 (15.52) 85.19 (16.40) 0.909

NIHSS score, median [Q1–Q3] 5 [2–11] 17 [11–22] <0.001

Risk factors, n (%)

Hypertension 820 (57.42) 77 (59.23) 0.690

Diabetes 308 (21.57) 22 (16.92) 0.215

Hyperlipidemia 116 (8.12) 6 (4.62) 0.154

Atrial fibrillation 230 (16.11) 35 (26.92) 0.002

Rheumatoid heart disease 87 (6.09) 8 (6.15) 0.978

Coronary heart disease 75 (5.25) 11 (8.46) 0.125

Previous stroke 202 (14.15) 18 (13.85) 0.925

Current smoke 349 (24.44) 25 (19.23) 0.183

Current drinking 415 (29.06) 30 (23.08) 0.148

TOAST classification, n (%) <0.001

Large-artery atherosclerosis 448 (31.37) 41 (31.54)

Small-artery occlusion 275 (19.26) 1 (0.77)

Cardio-embolism 363 (25.42) 52 (40.00)

Undetermined etiology 29 (2.03) 4 (3.08)

Other etiology 313 (21.92) 32 (24.62)

Laboratory tests

RDW, %, mean (SD) 13.78 (1.26) 14.27 (1.36) <0.001

Hemoglobin, g/L, mean (SD) 135.11 (18.23) 130.32 (23.19) 0.005

Platelet count, 109/L, mean (SD) 172.60 (65.26) 163.63 (64.97) 0.133

White blood cells, 109/L, mean (SD) 7.92 (2.74) 10.21 (4.74) <0.001

INR, mean (SD) 1.05 (0.21) 1.08 (0.15) 0.091

Glucose, mmol/L, mean (SD) 7.32 (3.06) 8.21 (3.27) 0.002

Creatinine, umol/L, median [Q1–Q3] 75 [63–90] 84 [68–106] <0.001

In-hospital condition

Reperfusion therapy, n (%) 195 (13.66) 36 (27.69) <0.001

Antiplatelets, n (%) 1327 (92.93) 98 (75.38) <0.001

Anticoagulants, n (%) 155 (10.85) 10 (7.69) 0.262

In-hospital infection, n (%) 440 (30.81) 92 (70.77) <0.001

Length of stay, d, median [Q1–Q3] 10 [7-14] 7 [2–14] <0.001

Anemia, n (%) 138 (9.66) 26 (20.00) <0.001
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